Rainfall-induced soil erosion is a major threat, especially in agricultural soils. In the Mediterranean belt, vineyards are affected by high soil loss rates, leading to land degradation. Plantation of new vines is carried out after deep ploughing, use of heavy machinery, wheel traffic, and trampling. Those works result in soil physical properties changes and contribute to enhanced runoff rates and increased soil erosion rates. The objective of this paper is to assess the impact of the plantation of vineyards on soil hydrological and erosional response under low frequency e high magnitude rainfall events, the ones that under the Mediterranean climatic conditions trigger extreme soil erosion rates. We determined time to ponding, Tp; time to runoff, Tr; time to runoff outlet, Tro; runoff rate, and soil loss under simulated rainfall (55 mm h À1 , 1 h) at plot scale (0.25 m 2 ) to characterize the runoff initiation and sediment detachment. In recent vine plantations (<1 year since plantation; R) compared to old ones (>50 years; O). Slope gradient, rock fragment cover, soil surface roughness, bulk density, soil organic matter content, soil water content and plant cover were determined. Plantation of new vineyards largely impacted runoff rates and soil erosion risk at plot scale in the short term. Tp, Tr and Tro were much shorter in R plots. TrTp and Tro-Tr periods were used as connectivity indexes of water flow, and decreased to 77.5 and 33.2% in R plots compared to O plots. Runoff coefficients increased significantly from O (42.94%) to R plots (71.92%) and soil losses were approximately one order of magnitude lower (1.8 and 12.6 Mg ha À1 h À1 for O and R plots respectively). Soil surface roughness and bulk density are two key factors that determine the increase in connectivity of flows and sediments in recently planted vineyards. Our results confirm that plantation of new vineyards strongly contributes to runoff initiation and sediment detachment, and those findings confirms that soil erosion control strategies should be applied immediately after or during the plantation of vines.
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Introduction
Soil erosion is one of the main environmental risks in agricultural land around the world, and specifically, in vineyard soils. This has been well documented in Mediterranean terroirs Kirchhoff et al., 2017) , as it leads to loss of soil fertility, soil quality and production of food, fibers, biomass and services (Sabatier et al., 2014; Vaudour et al., 2017) . Enhanced runoff flow generation reported in agricultural soils also contributes to flood (Martínez-Casasnovas et al., 2005) and water pollution risk (Serpa et al., 2017) .
Different authors have observed that vineyards are among the soil uses that contribute most to soil erosion in Mediterranean areas, mainly due to climate conditions, relief, poor organic matter content (Muñoz-Rojas et al., 2012; Novara et al., 2011) and soil tillage and management (Rodrigo Comino et al., 2016a; Ki) . Many studies have reported higher soil loss values in vineyards all through the Mediterranean basin, exceeding the threshold suggested for tolerable erosion rates in Europe, about 1.4 Mg ha À1 year À1 (Verheijen et al., 2009) . Different authors have quantified the beneficial impact of soil erosion control measures in vineyard soils (Arn aez et al., 2007; Morvan et al., 2014; Novara et al., 2011; Prosdocimi et al., 2016b; Raclot et al., 2009; Ramos et al., 2007) but it is necessary to find the causes of the high erosion rates to plan a proper strategy to achieve a sustainable management. Usually, plantation of vines and orchards takes place every 10e50 years and around 5% of the land is under plantations works yearly. Moreover, within the European Union (EU), the CAP (Common Agriculture Policy) subsidized the substitution of certain crops in order to renew and improve the varieties cropped, promoting new fruit and vine plantations, and this encourage the removal of old plantations and establishment of new ones. Little is know about the environmental impact of those policies, which are funded by the EU with 50% of the cost. Vine plantation is carried out after deep ploughing, using heavy machinery and trampling, causing deep impacts in soil physical properties. In vulnerable soils, compaction of the top layer and soil sealing contribute to decreased infiltration rates, enhanced runoff generation and increased soil erosion risk.
This work aims to the study of the impact of plantation of vineyards on soil hydrological response and soil loss rates in Eastern Spain. To fill this gap, the objectives of this paper are: [i] to study runoff initiation by means of measurements of the time to ponding, time to runoff and time to runoff outlet in 0.25 m 2 plot surfaces, which will inform about the connectivity of flows; [ii] runoff and soil erosion rates under simulated rainfall (55 mm h À1 , 1 h, 0.25 m 2 contributing area); [iii] and assessment of the role slope angle, rock fragment cover, soil roughness, bulk density, soil organic matter, soil moisture and plant cover on runoff initiation and soil erosion in tillage vineyards. The research strategy applied was a paired plot approach: in recent vine plantations (<1 year since plantation) compared to old ones (>50 years). The research was applied on soils developed on marls and on soils developed on a Limestone slope colluvium that are the two ones found in the Les Alcusses valley. (Fig. 2) . The total number of plots was 80 (4 sites Â 2 O/R types Â 10 plots).
Material and methods

Study site
Soil analysis and plot characteristics
Plant cover, rock fragment cover and roughness coefficient were measured previously to rainfall experiments. Plant and rock fragment cover were determined by measuring presence (1) or absence (0) in 100 points regularly distributed at each 0.25 m 2 plot and the total amount of 1-values was consider representative of each plot. Roughness of the soil surface was determined in four 55-cm long adjacent transects located at the north, south, east and west of each plot using a 1-m long chain. The chain was carefully placed on the irregular soil surface and the roughness coefficient (m m
À1
) was calculated as the total length of the chain distributed over a horizontal distance of 55 cm. Soil samples (0e20 mm) were collected in points a few centimetres downslope from each study plot and soil water content (%) was measured on a weight basis after drying samples (105 C, 24 h). Soil organic matter was determined by the Walkley-Black method (Walkley and Black, 1934) . Bulk density was measured by the ring method for the 0e60 mm soil layer.
Rainfall simulation experiments
Eighty rainfall simulation experiments (4 sites Â 2 parent materials Â 10 plots) were carried out at 55 mm h À1 rainfall intensity for 1 h on circular paired plots (0.55 m in diameter, 0.25 m 2 ). Rainfall intensities about 55 mm h À1 have a return period of 5 years (Elías Castillo and Ruiz Beltran, 1979) . In order to avoid inter-annual variability in the soil moisture and allow the comparison between study sites, all experiments were carried out when the soil moisture (weight ratio) was low, during the typical Mediterranean summer drought (July 2012 (July , 2013 (July , 2014 (July and 2015 and after a minimum period of 32 dry (no rainfall events) days. At each plot, runoff flow was collected at 1-min intervals and water volume was measured. Runoff coefficient was calculated as the percentage of rainfall water running out the circular plot without infiltrating. Runoff samples were desiccated (105 C, 24 h) and sediment yield was calculated on a weight basis in order to calculate soil loss per area and time (Mg ha À1 h À1 ). Sediment concentration in the runoff was measured each 5 min and determined by desiccation. During rainfall simulation experiments, time to ponding (time required for 50% of the surface to be ponded; Tp, s), time to runoff initiation (Tr, s) and time required by runoff to reach the outlet (Tro, s) were recorded. Tp was determined when ponds were found and Tr when those ponds were communicated by the runoff. Tr-Tp and Tro-Tr were calculated and they indicate how the ponding is transformed into runoff and how much the runoff in the soil surface last to reach the plot outlet. More information about the use of rainfall simulators can be found in Keesstra et al. (2016) and Rodrigo Comino et al. (2016b) .
Statistical analysis
The normal distribution of data was checked using the ShapiroWilk test. As the null hypothesis was rejected in most cases, nonparametric statistics and tests were used. The Kruskal-Wallis ANOVA test (K-W) was used to find differences among study sites and type of plots. When significant differences were found, a post-hoc test was used to find homogenous groups (Bonferroni test). The Mann-Whitney U test was used to find differences between plot types (old or recently planted vines). Spearman's rank correlation coefficient (Rs) was used to analyse possible relations between variables. Tests were carried out using Statgraphics Centurion XVI (StatPoint, 1982e2013) and Statistica 10.0 (StatSoft, 2010) software packs.
Results
Soil surface properties
Although soil slope varied significantly among sites (K-W, p < 0.0001), with relatively gentle slope at CR (4e9%) and CG (6e9%), and deeper slope in LB (11e18%) and LA (10e16%), no differences were observed between O and R plots (M-W U, p > 0.05; Table 1 ). Rock fragment cover varied (K-W, p < 0.0001) between sites located on clayey marls (0e2% in CG and 0e4% in LA) and colluvium from limestone hillslopes (5e15% in CR and 24e79% in . Bulk density varied between 1.01 and 1.67 g cm À3 .
Although the K-W test found significant differences among sites, these were relatively small inside O and R plot types. Generally, O plots showed lower bulk densities (1.01e1.30 g cm À3 ) than R plots (1.34e1.67 g cm
À3
). Although soil organic matter content was generally low (maximum value found was 1.98%), medians varied significantly among sites, ranging between 1.09 (median of CR-R, CR-O and LB-R plots) and 1.53% (median of LB-O. CG-R, CG-O and LA-R plots). Although significant (M-W U, p < 0.05; Table 1), differences between R and O plot types were negligible (0.23%).
Soil water content was below 10% in all plots (2.74e8.93%; Table 1 ), which is below the permanent wilting point for most soils (Ashman and Puri, 2002 ). Significant differences were observed between sandy loam and clayey soil plots (5.25 and 6.83%, respectively). On the other hand, the post-hoc test did not show clear differences between plots according to their lithological substrate (Table 1) . Similarly, there were significant but limited differences between O-and R-plots (1.48 and 1.25%, respectively). Finally, plant cover increased significantly from R-to O-plots (4 and 6%, respectively). Nevertheless, plant cover was very low in all the study plots and sites due to the intense ploughing (median 5%, range 1e9%). In the four study sites and the 80 plots the plant cover was negligible.
Soil hydrological response
Time to ponding (Tp) increased significantly from O, 82.5 s, to R plots, 37 s (Table 2) . In O plots, Tp ranged between 43 and 176 s. Generally, plots from sandy loam soils showed longer Tps (141 s, CR; 103 s, LB) than those from clayey soils (51 s, CG; 56.5 s, LA). No significant differences were observed among Tps from soils from R plots, which varied in a shorter interval (25e49 s). Time required for runoff initiation (Tr) increased significantly from R (76 s) to O plots (133.5 s) ( Table 2) . Although minimum median Tr periods were found in clayey CG plots were relatively short (85.5 s, O plots; 56 s, R plots), the post-hoc test did not show clear differences (Fig. 4) , Tro was higher in O plots for the same Tr values.
s (CR-R, LA-R and LB-R plots). Finally, Tro-Tr increased from 36.5 (R plots) to 110 s (O plots). Although Tro generally increased with Tr for O and R plots
When all cases were considered together, positive significant correlations were found between Tp, Tr and Tro and roughness index (Table 3) . These variables were also significantly and negatively correlated with bulk density (Table 3) . No significant correlations were found between times of response and other soil surface variables. No differences were found among median runoff coefficients from soils with different parent material (M-W U, p > 0.05). According to post-hoc results, the median runoff rate from R plots varied between clayey (CG-R and LA-R plots, 76.77%) and sandy loam soils (CR-R and LB-R plots, 68.26%). On the other hand, no significant differences were found among runoff coefficients from different O plots. Independently of lithology, runoff coefficient decreased significantly from R, 71.92%, to O plots, 42.94% (Table 2) . Runoff coefficient was significantly correlated with roughness index, Rs: À0.7147, and bulk density, Rs: 0.7682 (Table 3) . 
Soil erosion
Discussion
The experiments carried out in this research showed that soil hydrological response to simulated rainfall from vineyard soils varies largely between old (>50 years) and recent (<1 year) vine plantations at plot scale. Among other factors, Mediterranean vineyards are characterized by poor organic matter contents (Muñoz-Rojas et al., 2012; Novara et al., 2011) . Partly, this is a consequence of climatic conditions and this trend is expected to grow in the context of global warming (Muñoz-Rojas et al., 2013) . Our research brings relevant information for the research about soil organic matter (Yigini and Panagos, 2016) as planting results in soils with low soil organic and high erosion rates, which results in the removal of soil organic matter particles and then initiate a process of soil degradation.
Different authors have demonstrated that rock fragments contribute to delayed ponding and runoff initiation. In Mediterranean soils, Zavala et al. (2010) observed that enhanced infiltration rates are partly due to increased roughness of the soil surface caused by rock fragments. They observed that rock fragments channel the water flow between them and generate deeper, more hydraulically efficient flow. This causes greater pressure of the water column and favors infiltration. Microtopography of the soil surface is a key factor for soil erosion at small scales. Low roughness coefficients may be associated to low rock fragment cover and soil sealing. In our experiments, the soil surface requires 45 s (median of all values) to get ponded and 87 s for runoff to initiate. Recently planted vineyards, with higher bulk densities and lower roughness coefficients showed relatively short Tp and Tr periods (37 and 76 s, respectively), with only 112 s (median) required for runoff flow to reach the outlet (Tro). Runoff flow connectivity was lower in O plots, with longer median Tr-Tp and Tro-Tr periods (45 and 110 s, respectively) than R plots (35 and 37 s). This is especially important for rainstorms shorter than Tro periods, which cannot produce surface wash and consequently no soil losses. Longer rainstorms will produce runoff flow and soil loss. Differences between paired O and R plots show a clear impact of the age of vine plantations on accelerated soil erosion risk.
Times of response to simulated rainfall (Tp, Tr and Tro) were conditioned by soil bulk density and surface roughness coefficient too. Relatively low bulk density in O plots (median 1.13 g cm À3 ) and, consequently, higher porosity contributed to accelerate time required for ponding in O plots. Soils from R plots were more compacted (bulk density, 1.45 g cm À3 ). This led to relatively low infiltration rates at the beginning of rainfall simulations and fast ponding. In these conditions, runoff initiated quickly in R plots (median 76 s) in contrast to O plots (median 133.5 s). Other authors have observed low sediment transport in old vineyards (35 years), with relatively high organic matter content and bulk density, in contrast to young ones (2 years) (Rodrigo Comino et al., 2015) . In the study sites at Les Alcusses valley in Valencia, the key factor is the soil roughness that is low in recently planted vineyards and much higher in the old ones due to the tillage. Recently planted vineyards (>1 year) on different substrates are prone to very high soil and water losses. On the other hand, old plantations showed a very low soil erosion rates under the same conditions. Despite the higher frequency of low-intensity rainstorms, most of soil erosion and water losses in Mediterranean areas are observed after high-intensity rainfall (Rodrigo Comino et al., 2016d) . Different authors have reported the relevance of studying extreme rainstorms for planning soil erosion control measures. This research demonstrates that when a combination of recently planted vineyards and extreme rainfall events take place the soil erosion rates are non-sustainable. The age of the vineyards was key to explain the contrasted soil erosion rates found. From median values, soil loss from O plots produced 14.6% of soil loss (1.84 Mg ha À1 h À1 ) observed in R plots (12.63 Mg ha À1 h À1 ; Table 2 ).
Long-term ploughing in traditional vineyards contributed to reduced water and sediment connectivity, especially after reduction of soil bulk density and increased roughness of the soil surface. This is also a consequence of the sediment exhaustion after the plantation, as the plantation works generate sediments available and create a detachment control erosion mechanism. After some years, the exhaustion of the fresh material generated by the plantation resulted in a sediment-control erosion mechanism. This is in agreement with other authors who have concluded that soil management determines the hydrological response of agricultural soils (Romero-Díaz et al., 2017; Wang et al., 2015) . In NE Spain, CotsFolch et al. (2009) reported that new vineyards require hillslope terracing and the use of heavy machinery, which results in the alteration of original soil, natural drainage and landscapes, and they increase soil erosion. It has been reported that scaling up from plot to catchment level causes underestimation of erosion rates (Raclot et al., 2009) . Morvan et al. (2014) concluded that soil loss rates estimated from 0.25 m 2 (as in our study) are not valid to larger scales as vineyard or catchment, even under the same conditions (Chaplot and Le Bissonnais, 2000) . In addition, upscaling runoff rates may result in overestimation because of the complexity of the spatial distribution of runoff generation/infiltration patches at large scales (Van de Giesen et al., 2000) . This is why our research focuses on the detachment of materials and the initiation of the runoff, which shed light about landscape connectivity (Keesstra et al., 2014; Masselink et al., 2017) . Although soil erosion rates reported in Mediterranean vineyards depend largely on determination methods and temporal and spatial scales, it is generally considered that soil erosion rates are high. At plot scale and rainfall intensities between 20 and 117 mm h À1 , soil erosion rates vary in a wide range (Rodrigo Comino et al., 2016b) . Among others, some reported rates are 0.04 (Morvan et al., 2014 ), 0.39 (Arn aez et al., 2007 , 1.01 (Blavet et al., 2009) (Wainwright (1996) . Especially in R plots, observed soil loss rates are clearly above these values. This makes necessary to consider soil erosion protection measures, with special interest in recent vine plantations. Under appreciable plant cover, rock fragments and slope have a negligible impact on runoff flow (García-Díaz et al., 2017) . In contrast, in bare soils, rock fragment cover and slope are among the main factors conditioning runoff and soil erosion rates in conventional vineyards (Rodrigo Comino et al., 2016c) . Ramos et al. (2007) suggested that terracing systems with vines planted in long risers with low slope angles and benches only used as paths are efficient tools to decrease soil erosion risk. Nevertheless, terraced areas often require maintaining and associated infrastructures with deep effects on water flow triggering and soil erosion. Despite traditional soil erosion control measures as terracing, sediment fences, check dams and other infrastructures, different authors have proposed effective low-impact methods. Romero-Díaz et al. (2017) reported that patchy distribution of soil uses and abandoned soils leads to a reduction of soil erosion risk and higher biodiversity. The spatial distribution of runoff generation and infiltration areas may help to reduce soil erosion risk at scales larger than plot (hillslope or catchment scales). Spatial alternation of soil management types, uses or different-aged plantations may contribute to disconnect water and sediment fluxes through the hillslopes. Other interventions include agriculture terraces, implementation of grass margins and contour farming on slopes steeper than 10%. The use of cover crops and litter also contribute to reduce the soil losses and provide ecosystems services (Mol and Keesstra, 2012; Galati et al., 2016; ParrasAlc antara et al., 2016) . Soil erosion may be also controlled by managing soil cover Corti et al. (2011) reported that grass cover was effective for soil slopes of about 15%. This should help to control erosion risk in vineyards with slope gradients above that threshold (especially in R plots studied in this work). Other authors have strongly highlighted the efficiency of mulch. Mulching is an effective technique to improve physical properties of agricultural soils and reduce soil erosion risk . Although different types of mulch materials exist (Jord an et al., 2011) , wheat or barley straw mulches are particularly effective in reducing both soil erosion and runoff, in contrast to other materials (Gim enez-Morera et al., 2010) . A mulch layer contributes to increase the roughness of the soil surface and the interception of raindrops, delaying ponding and runoff generation and enhancing water infiltration in soils under ligneous crops . Prosdocimi et al. (2016b) reported that a barley straw mulch layer caused a strong reduction of soil and water losses immediately after application on vineyards.
Conclusions
Plantation of new vineyards largely impacted runoff rates and soil erosion risk in the short term. After one year, recently planted vineyards show higher runoff and soil erosion rates than older ones under simulated rainfall. The impact of recent plantations in physical properties of the topsoil (mainly increased bulk density and lower roughness) resulted in increased water and sediment connectivity. In addition, soil plots from recently planted vineyards showed enhanced runoff rates and non-sustainable soil losses, which inform of the need to apply strategies to reduce soil losses during the plantation of vineyards and the year after.
